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PIXEL CIRCUI'T, METHOD OF DRIVING
PIXEL CIRCUIT, DISPLAY PANEL AND
DISPLAY DEVICE

CROSS REFERENC.

L1l

The present application 1s based on PCT/CN2018/
121795, filed on Dec. 18, 2018, which claims priority of the

Chinese Patent Application No. 201810368233.3, filed on
Apr. 23, 2018, the entire disclosure thereof 1s incorporated
herein by reference as part of the present application.

TECHNICAL FIELD

Embodiments of the present disclosure relate to a pixel
circuit, a method of driving a pixel circuit, a display panel
and a display device.

BACKGROUND

At present, technologies of active-matrix organic light
emitting diode (AMOLED) display panels are becoming
more and more mature, the AMOLED display panels have
the characteristics of flexibility, high contrast, low power
consumption and the like, and have broad development
prospects. The AMOLED display panels have gradually
replaced liquid crystal display (LCD) panels as a new
generation of display manner. The AMOLED display panels
may be widely used 1n electronic products, such as mobile
phones, computers, full-color televisions, digital cameras,
personal digital assistants, and the like.

SUMMARY

At least one embodiment of the present disclosure pro-
vides a pixel circuit, which includes a light emitting drive
circuit, a storage circuit, a data writing circuit, a light
emitting control circuit and a compensation circuit. The data
writing circuit 1s configured to write a data signal into the
storage circuit under a control of a scanning signal, the
storage circuit 1s configured to store the data signal, the
compensation circuit 1s configured to write compensation
voltage information which 1s based on a compensation
current signal into the light emitting drive circuit under a
control of the scanming signal, and the light emitting control
circuit 1s configured to control the light emitting drive circuit
to drive a light emitting element to emit light under a control
of a light emitting control signal.

For example, 1n the pixel circuit provided by at least one
embodiment of the present disclosure, the light emitting
drive circuit includes a light emitting drive transistor. A first
clectrode of the light emitting drive transistor 1s electrically
connected to a first power supply terminal, a second elec-
trode of the light emitting drive transistor 1s electrically
connected to a first terminal of the light emitting element,
and a gate electrode of the light emitting drive transistor 1s
clectrically connected to the compensation circuit and the
storage circuit, respectively.

For example, 1n the pixel circuit provided by at least one
embodiment of the present disclosure, the compensation
circuit includes a first compensation transistor and a second
compensation transistor. A first electrode of the first com-
pensation transistor 1s electrically connected to the gate
clectrode of the light emitting drive transistor, a second
clectrode of the first compensation transistor 1s electrically
connected to the second electrode of the light emitting drive
transistor, and a gate electrode of the first compensation
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transistor 1s electrically connected to a scanning signal line
to receive the scanning signal; and a first electrode of the
second compensation transistor 1s electrically connected to
the second electrode of the light emitting drive transistor, a
second electrode of the second compensation transistor 1s
clectrically connected to a constant current source, and a
gate electrode of the second compensation transistor is
clectrically connected to the scanning signal line to receive
the scanning signal.

For example, in the pixel circuit provided by at least one
embodiment of the present disclosure, the compensation
circuit comprises a first compensation transistor and a sec-
ond compensation transistor. A first electrode of the first
compensation transistor 1s electrically connected to the gate
clectrode of the light emitting drive transistor, a second
clectrode of the first compensation transistor 1s electrically
connected to the second electrode of the light emitting drive
transistor, and a gate electrode of the first compensation
transistor 1s electrically connected to a scanning signal line
to receive the scanning signal; and a first electrode of the
second compensation transistor 1s electrically connected to
the gate electrode of the light emitting drive transistor, a
second electrode of the second compensation transistor 1s
clectrically connected to a constant current source, and a
gate electrode of the second compensation transistor 1s
electrically connected to the scanning signal line to receive
the scanning signal.

For example, 1n the pixel circuit provided by at least one
embodiment of the present disclosure, the data writing
circuit includes a data writing transistor. A first electrode of
the data writing transistor 1s electrically connected to a data
line, a second electrode of the data writing transistor 1s
clectrically connected to the storage circuit, and a gate
clectrode of the data writing transistor 1s electrically con-
nected to the scanming signal line to receive the scannming
signal.

For example, in the pixel circuit provided by at least one
embodiment of the present disclosure, the storage circuit
includes a storage capacitor. A first terminal of the storage
capacitor 1s electrically connected to the second electrode of
the data writing transistor, and a second terminal of the
storage capacitor 1s electrically connected to the gate elec-
trode of the light emitting drive transistor.

For example, 1n the pixel circuit provided by at least one
embodiment of the present disclosure, the light emitting
control circuit includes a first light emitting control transis-
tor. A first electrode of the first light emitting control
transistor 1s electrically connected to a third power supply
terminal, a second electrode of the first light emitting control
transistor 1s electrically connected to the first terminal of the
storage capacitor, and a gate electrode of the first light
emitting control transistor 1s electrically connected to a light
emitting control line to receive the light emitting control
signal.

For example, 1n the pixel circuit provided by at least one
embodiment of the present disclosure, the first power supply
terminal and the third power supply terminal are configured
to output a same power supply voltage; alternatively, the first
power supply terminal 1s integrated with the third power
supply terminal.

For example, in the pixel circuit provided by at least one
embodiment of the present disclosure, the light emitting
control circuit further includes a second light emitting
control transistor. A first electrode of the second light
emitting control transistor i1s electrically connected to the
second electrode of the light emitting drive transistor, a
second electrode of the second light emitting control tran-
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sistor 1s electrically connected to the first terminal of the
light emitting element, and a gate electrode of the second
light emitting control transistor is electrically connected to
the light emitting control line to receive the light emitting
control signal.

For example, 1n the pixel circuit provided by at least one
embodiment of the present disclosure, the constant current
source 1s configured to output the compensation current
signal, and the light emitting drive transistor 1s at a saturated
state 1n a data writing stage, and the compensation current
signal flows through the light emitting drive transistor.

At least one embodiment of the present disclosure further
provides a driving method applied to the pixel circuit
described above, which includes: writing the data signal to
the storage circuit, and writing the compensation voltage
information which 1s based on the compensation current
signal to the light emitting drive circuit, 1n a data writing
stage; and driving the light emitting element to emit light
based on the compensation voltage information, in a light
emitting stage.

For example, 1n the driving method provided by at least
one embodiment of the present disclosure, the light emitting
drive circuit includes a light emitting driving transistor, and
writing the compensation voltage information which 1s
based on the compensation current signal to the light emait-
ting drive circuit includes: writing the compensation current
signal to a gate electrode of the light emitting drive transis-
tor, and controlling the light emitting drive transistor to be
at a saturated state to write the compensation voltage infor-
mation to the gate electrode of the light emitting drive
transistor.

At least one embodiment of the present disclosure further
provides a display panel, which includes the pixel circuit
described above.

For example, the display panel provided by at least one
embodiment of the present disclosure further includes a
constant current source, and the constant current source 1s
configured to output the compensation current signal.

At least one embodiment of the present disclosure further
provides a display device, which includes the display panel
described above.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to clearly illustrate the technical solution of the
embodiments of the disclosure, the drawings of the embodi-
ments will be briefly described in the following; 1t 1s obvious
that the described drawings are only related to some embodi-
ments of the disclosure and thus are not limitative to the
disclosure.

FIG. 1A 1s a schematic diagram of a pixel circuit accord-
ing to some embodiments of the present disclosure;

FIG. 1B 1s a schematic diagram of another pixel circuit
according to some embodiments of the present disclosure;

FIG. 2A 1s a schematic diagram of a pixel circuit accord-
ing to other embodiments of the present disclosure;

FIG. 2B 1s a schematic diagram of another pixel circuit
according to other embodiments of the present disclosure;

FIG. 3 1s a schematic tlow chart of a driving method of a
pixel circuit according to some embodiments of the present
disclosure;

FIG. 4 1s an exemplary timing diagram of a driving
method of a pixel circuit according to some embodiments of
the present disclosure;

FIG. 5A 1s a schematic diagram of the pixel circuit
illustrated 1n FIG. 1A 1n a data writing stage;
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FIG. 5B i1s a schematic diagram of the pixel circuit
illustrated i FIG. 1A 1 a light emitting stage;

FIG. 6 1s a schematic block diagram of a display panel
according to some embodiments of the present disclosure;

FIG. 7 1s a schematic block diagram of a display device
according to some embodiments of the present disclosure.

DETAILED DESCRIPTION

In order to make objects, technical details and advantages
of the embodiments of the disclosure apparent, the technical
solutions of the embodiments will be described 1n a clearly
and fully understandable way in connection with the draw-
ings related to the embodiments of the disclosure. Appar-
ently, the described embodiments are just a part but not all
of the embodiments of the disclosure. Based on the
described embodiments herein, those skilled in the art can
obtain other embodiment(s), without any 1nventive work,
which should be within the scope of the disclosure.

Unless otherwise defined, all the technical and scientific
terms used herein have the same meamings as commonly
understood by those of ordinary skill in the art to which the
present disclosure belongs. The terms “first,” “second,” etc.,
which are used 1n the description and the claims of the
present disclosure, are not mtended to indicate any
sequence, amount or importance, but used to distinguish
various components. The terms, such as “comprise/compris-
ing,” “include/including,” or the like are intended to specity
that the elements or the objects stated before these terms
encompass the eclements or the objects and equivalents
thereol listed after these terms, but not preclude other
clements or objects. The terms, such as “connect/connect-
ing/connected,” “couple/coupling/coupled” or the like, are
not limited to a physical connection or mechanical connec-
tion, but may include an electrical connection/coupling,
directly or indirectly. The terms, “on,” “under,” “left,”
“right,” or the like are only used to indicate relative position
relationship, and when the position of the object which 1s
described 1s changed, the relative position relationship may
be changed accordingly.

In order to keep the following description of embodiments
of the present disclosure clear and concise, detailed descrip-
tions of known functions and known components are omit-
ted from the present disclosure.

Organic light emitting diode (OLED) display panels may
be classified as passive matrix driving organic light emitting
diode (PMOLED) display panels and active matrix driving
organic light emitting diode (AMOLED) display panels
according to driving manners. In an AMOLED display
panel, each pixel may be independently controlled. Each
pixel 1s provided with a driving thin film transistor (DTFT),
and the pixel 1s driven by a current generated 1n a case where
the driving thin film transistor 1s at a saturated state.

At present, the manufacturing process of an OLED dis-
play panels 1s ditlicult to ensure the uniformity of threshold
voltages of all drniving thin film transistors in the whole
display panel range. In addition, in the use process, the
threshold voltages of driving thin film transistors of different
pixel units of the OLED display panel may drift in different
degrees, and thus the OLED display panel may sufler from
non-uniform brightness of respective pixels. Therefore, it 1s
necessary to compensate threshold voltages of driving thin
film transistors of each pixel.

At least one embodiment of the present disclosure pro-
vides a pixel circuit, a method of driving a pixel circuit, a
display panel and a display device, which output a compen-
sation current signal which 1s based on a constant current

.
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source to a light emitting drive circuit 1n a data writing stage,
thereby compensating a threshold voltage of a light emitting,
drive transistor, so that a light emitting current 1s not affected
by the threshold voltage of the light emitting drive transistor,
the problem that the brightness of respective pixels are
non-uniform caused by non-uniform threshold voltages of
the light-emitting drive transistor of the display panel may
be eliminated, and display uniformity and display etflects
may be improved. In addition, the pixel circuit according to
at least one embodiment of the present disclosure has a
simple structure, and 1s easy to design and manufacture. The
pixel circuit has relatively few types of driving signals, and
thus 1t 1s easy to control pixels.

For example, according to the characteristics of active
layers of transistors, the transistors may be classified as
N-type transistors and P-type transistors. For clarity, the
embodiments of the present disclosure take that transistors
are P-type transistors (e.g., P-type MOS transistors) as an
example to 1llustrate the technical solutions of the present
disclosure, however, the transistors of the embodiment of the
present disclosure are not limited to the P-type transistors,
and those skilled in the art may also utilize N-type transistors
(e.g., N-type MOS transistors) to implement the functions of
one or more transistors in the embodiments of the present
disclosure according to actual needs.

It should be noted that the transistors used in the embodi-
ments of the present disclosure may be thin film transistors

or field effect transistors or other switching devices having
the same characteristics, 1n which the thin film transistors
may 1include oxide semiconductor thin film transistors,
amorphous silicon thin film transistors or poly-silicon thin
film transistors, etc. A source electrode and a drain electrode
of a transistor may be symmetrical 1n structure, so the source
clectrode and the drain electrode of the transistor may be
indistinguishable 1n physical structure. In order to distin-
guish transistors, in the embodiments of the present disclo-
sure, except for a gate electrode serving as a control elec-
trode, one of the electrodes 1s directly described as a first
electrode, and the other as a second electrode. Therefore, the
first electrode and the second electrode of all or part of the
transistors 1n the embodiments of the present disclosure are
interchangeable as required.

Several embodiments of the present disclosure are 1llus-
trated 1n detail below with reference to the accompanying
drawings, but the present disclosure 1s not limited to these
specific embodiments.

FIG. 1A 1s a schematic diagram of a pixel circuit accord-
ing to some embodiments of the present disclosure, and FIG.
1B 15 a schematic diagram of another pixel circuit according
to some embodiments of the present disclosure.

For example, as 1llustrated 1n FIG. 1A, a pixel circuit 100
according to an embodiment of the present disclosure
includes a light emitting drive circuit 11, a data writing
circuit 12, a storage circuit 13, a light emitting control circuit
14, and a compensation circuit 15, for controlling and
driving a light emitting element EL to emit light. The data
writing circuit 12 1s configured to write a data signal D (or
a data signal V , . ) into the storage circuit 13 under a control
of a scanning signal G (or a scanning signal Vg); the storage
circuit 13 1s configured to store the data signal V , _; the
compensation circuit 15 1s configured to write compensation
voltage information which 1s based on a compensation
current signal VCCS (or a compensation current signal Iref)
into the light emitting drive circuit 11 under a control of the
scanning signal Vg; and the light emitting control circuit 14

1s configured to control the light emitting drive circuit 11 to
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6

drive the light emitting element EL to emit light under a
control of a light emitting control line EM (or a light
emitting control signal V., ,).

For example, the pixel circuit 100 according to the above
embodiment of the present disclosure may be applied to a
display panel, such as an AMOLED display panel.

For example, as illustrated 1n FIG. 1A, the light emitting
drive circuit 11 includes a light emitting drive transistor Td.
A first electrode of the light emitting drive transistor Td 1s
clectrically connected to a first power supply terminal V1, a
second electrode of the light emitting drive transistor Td 1s
clectrically connected to a first terminal of the light emitting
clement EL (a positive terminal of the light emitting element
EL 1n this embodiment), and a gate electrode of the light
emitting drive transistor Td 1s electrically connected to the
compensation circuit 15 and the storage circuit 13, respec-
tively. A second terminal of the light emitting element EL (a
negative terminal of the light emitting element EL 1n this
embodiment) 1s electrically connected to a second power
supply terminal V2.

For example, the light emitting drive transistor Td may be
a P-type transistor. A first electrode of the light emitting
drive transistor Td may be a source electrode, and a second
clectrode of the light emitting drive transistor Td may be a
drain electrode.

For example, the light emitting element EL may be a light
emitting diode or the like. The light emitting diode may be
an organic light emitting diode (OLED) or a quantum dot
light emitting diode (QLED) or the like. The light emitting
clement EL 1s configured to receive a light emitting signal
(e.g., may be a current signal) and emait light of an intensity
corresponding to an amplitude of the light emitting signal
during operation.

For example, one of the first power supply terminal V1
and the second power supply terminal V2 1s a high voltage
terminal and the other 1s a low voltage terminal. For
example, 1n the embodiment 1llustrated 1n FIG. 1A, the first
power supply terminal V1 1s a voltage source for outputting
a constant positive voltage, and the second power supply
terminal V2 may be a voltage source for outputting a
constant negative voltage, or may be grounded or the like.

For example, as illustrated 1n FIG. 1A, the compensation
circuit 15 may include a first compensation transistor T1 and
a second compensation transistor T4. A first electrode of the
first compensation transistor 11 1s electrically connected to
the gate electrode of the light emitting drive transistor Td, a
second electrode of the first compensation transistor T1 1s
clectrically connected to the second electrode of the light
emitting drive transistor Td, and a gate electrode of the first
compensation transistor 11 1s electrically connected to a
scanning signal line G to receive the scanning signal Vg. A
first electrode of the second compensation transistor T4 1s
clectrically connected to the second electrode of the light
emitting drive transistor Td, a second electrode of the second
compensation transistor T4 1s electrically connected to a
constant current source VCCS, and a gate electrode of the
second compensation transistor T4 1s electrically connected
to the scanning signal line G to receive the scanning signal
Vg.

For example, the constant current source VCCS 1s con-
figured to output the compensation current signal Iref. For
example, the compensation current signal Irel may be
between a picoampere (pA) level and a nanoampere (nA)
level.

For example, as illustrated in FIG. 1A, the data writing
circuit 12 includes a data writing transistor T2. A first
clectrode of the data writing transistor 12 1s electrically




US 11,355,060 B2

7

connected to a data line D to receive the data signal V ,__ .
a second electrode of the data writing transistor 12 1is
clectrically connected to the storage circuit 13, and a gate
clectrode of the data writing transistor T2 1s electrically
connected to the scanning signal line G to receive the
scanning signal Vg,

For example, as illustrated in FIG. 1A, the storage circuit
13 includes a storage capacitor C. A first terminal of the
storage capacitor C 1s electrically connected to the second
clectrode of the data writing transistor T2, and a second
terminal of the storage capacitor C 1s electrically connected
to the gate electrode of the light emitting drive transistor Td.

For example, in a data writing stage, the scanning signal
line G may provide the scanning signal Vg to the gate
clectrode of the first compensation transistor T1 and the gate
clectrode of the second compensation transistor T4, so that
the first compensation transistor T1 and the second com-
pensation transistor T4 are turned on. In the data writing
stage, because both the first compensation transistor T1 and
the second compensation transistor 14 are turned on, the
constant current source VCCS 1s turned on with the gate
clectrode of the light emitting drive transistor Td, and a gate
voltage of the light emitting drive transistor Td i1s pulled
down, so that the gate electrode of the light emitting drive
transistor Td 1s reset, and the light emitting drive transistor
Td 1s at a saturated state, that 1s, at an on-state.

For example, in the data writing stage, the scanning signal
line G may also provide the scanning signal Vg to the gate
clectrode of the data writing transistor T2, so as to turn on
the data writing transistor T2. Thus, the data writing tran-
sistor T2 may transmit the data signal V , . on the data line
D to the first terminal of the storage capacitor C, and the
storage capacitor C may store the data voltage (1.e., the data
signal) V .

In summary, 1n the data writing stage, the scanning signal
Vg may simultaneously control the data writing transistor
12, the first compensation transistor T1 and the second
compensation transistor T4 to be turned on, so that the data
writing transistor 12 may transmit the data signal V , __ to
the storage capacitor C, and meanwhile, the gate electrode of
the light emitting drive transistor Td 1s reset.

For example, in the data writing stage, since the first
compensation transistor T1 1s turned on, the gate electrode
of the light emitting drive transistor Td 1s electrically con-
nected with the second electrode of the light emitting drive
transistor Td, so that the light emitting drive transistor Td 1s
at a saturated state, thereby forming a conductive path from
the first power supply terminal V1 to the constant current
source VCCS. According to a saturation current formula of
the light emitting drive transistor Td, a saturation current I,
flowing through the light emitting drive transistor Td may be
represented as:

IIZI/ZK(VESI— ka)

Where K 15 a process constant of the light emitting drive
transistor Td, V_,, 1s a voltage difference (Vg-Vs) between
the gate electrode and the source electrode (1.e., the first
clectrode) of the light emitting drive transistor Td 1n the data
writing stage, and V,, 1s a threshold voltage of the light
emitting drive transistor Td. For example, K may be repre-
sented as:

K=0.5C, (W/L)

Where 1 1s an electron mobility of the light emitting drive
transistor Td, C__ 1s a gate electrode unit capacitance of the
light emitting drive transistor Td, W 1s a channel width of the
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light emitting drive transistor Td, and L 1s a channel length
of the light emitting drive transistor Td.

For example, in the data writing stage, the compensation
current signal Iref flows through the light emitting drive
transistor Td, and the compensation current signal Iref 1s the
same as a saturation current I, of the light emitting drive
transistor Td, that 1s, I,=Iretf. A voltage Vs of the first
clectrode of the light emitting drive transistor Td 1s equal to
a power supply voltage Vdd output from the first power
supply terminal V1, that 1s, Vs=Vdd. Therelore, according to
the above formula of the saturation current I,, a gate voltage
Vg of the light emitting drive transistor Td may be repre-
sented as:

2ref
V, =Vdd -
K

For example, the compensation circuit 13 1s configured to
write compensation voltage information based on a com-
pensation current signal to a gate electrode of the light
emitting drive transistor Td under a control of a scanning
signal, and the compensation voltage information may be a
gate voltage Vg of the light emitting drive transistor Td 1n
the data writing stage. A second terminal of the storage
circuit C 1s configured to store the compensation voltage
information.

In the pixel circuit 100 according to the above embodi-
ment of the present disclosure, 1n the data writing stage,
under a control of the same driving signal (1.e., the scanming
signal Vg), the data signal may be written into the storage
capacitor, meanwhile, the gate electrode of the light emitting
drive transistor may be reset, and then the compensation
voltage mformation based on the compensation current
signal can be written into the gate electrode of the light
emitting drive transistor, that 1s, a reset stage and the data
writing stage are controlled by the same driving signal, and
performed simultaneously, so that types of driving signals of
the pixel circuit may be reduced, and the control of the pixel
circuit can be simplified; and the number of wirings used 1n
the display panel that includes the pixel circuit may be
reduced, thereby increasing a aperture ratio and costing
down.

For example, as illustrated 1n FIG. 1A, the light emitting
control circuit 14 includes a first light emitting control
transistor T3. A first electrode of the first light emitting
control transistor 13 1s electrically connected to a third
power supply terminal (not shown), a second electrode of
the first light emitting control transistor T3 is electrically
connected to the first terminal of the storage capacitor C, and
a gate electrode of the first light emitting control transistor
13 1s electrically connected to a light emitting control line
EM to receive a light emitting control signal V., ..

For example, the first power supply terminal V1 and the
third power supply terminal may be configured to output a
same power supply voltage. Alternatively, as illustrated 1n
FIG. 1A, the first power supply terminal V1 and the third
power supply terminal are integrated or electrically con-
nected to each other, that is, the first electrode of the first
light emitting control transistor T3 1s also electrically con-
nected to the first power supply terminal V1.

For example, in a light emitting stage, the light emitting
control line EM may provide the light emitting control
signal V ., . to the first light emitting control transistor T3 to
turn on the first light emitting control transistor T3. Mean-
while, both the first compensation transistor 11 and the

+ Vih.
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second compensation transistor T4 are turned off (1.e., oil),
and a light emitting current from the first power supply
terminal V1 may be transmitted to the light emitting element
EL via the light emitting drive transistor Td which 1s turned
on to drive the light emitting element EL to emit light. d

For example, as illustrated in FIG. 1B, i another
example, the light emitting control circuit 14 may further
include a second light emitting control transistor TS. For
example, a first electrode of the second light emitting control
transistor TS 1s electrically connected to the second elec-
trode of the light emitting drive transistor Td, a second
clectrode of the second light emitting control transistor T5 1s
clectrically connected to the first terminal of the light
emitting element EL, and a gate electrode of the second light
emitting control transistor T3 1s electrically connected to the
light emitting control line EM to receive the light emitting
control signal V., .

For example, the light emitting drive transistor Td 1s
clectrically connected to the light emitting element EL 5g
through the second light emitting control transistor TS, so
that the second light emitting control transistor TS may turn
ofl the light emitting drive transistor Td and the light
emitting element EL 1n the data writing stage to ensure that
the light emitting element ELL does not emit light, thereby 25
improving the contrast of a display panel.

It should be noted, 1n the example illustrated 1n FIG. 1B,
the gate electrode of the first light emitting control transistor
T3 and the gate electrode of the second light emitting control
transistor T3 are connected to the same light emitting control 30
line EM to receive the same light emitting control signal
V.., However, the embodiments of the present disclosure
are not limited to this. The gate electrode of the first light
emitting control transistor T3 and the gate electrode of the
second light emitting control transistor TS may also be 35
clectrically connected to diflerent light emitting control
lines, and light emitting control signals applied by the
different light emitting control lines are synchronized. That

1s, the embodiments of the present disclosure are not limited
thereto. 40
For example, in the light emitting stage, both the first
compensation transistor T1 and the second compensation
transistor T4 are turned ofl, and the light emitting control
signal V -, -1s simultaneously applied to the gate electrode of
the first light emitting control transistor T3 and the gate 45
clectrode of the second light emitting control transistor T3 so
that the first light emitting control transistor T3 and the
second light emitting control transistor TS are simultane-
ously turned on. Thus, the first power supply terminal V1,
the light emitting drive transistor Td, the second light s0
emitting control transistor 15, the light emitting element EL,
and the second power supply terminal V2 may form a loop,
and a light emitting current 1s transmitted to the light
emitting element EL via the light emitting drive transistor Td
and the second light emitting control transistor TS which are 55
turned on to dnive the light emitting element EL to emat light.
For example, the compensation voltage information may
control a conduction degree of the light emitting drive
transistor Td, thereby a magnitude of a light emitting current
flowing through the light emitting drive transistor Td may be 60
controlled, 1n which the light emitting current tlowing
through the light emitting drive transistor Td may determine
a light emitting intensity of the light emitting element EL.
FIG. 2A 1s a schematic diagram of a pixel circuit accord-
ing to another embodiment of the present disclosure, and 65
FIG. 2B 1s a schematic diagram of another pixel circuit
according to another embodiment of the present disclosure.

10
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For example, as illustrated in FIGS. 2A and 2B, the
compensation circuit 15 includes a first compensation tran-
sistor 11 and a second compensation transistor T4. In the
embodiment 1llustrated 1n FIGS. 2A and 2B, the connection
manner of the second compensation transistor T4 1s different
from that of the embodiment illustrated 1n FIGS. 1A and 1B.

For example, a first electrode of the first compensation
transistor 11 1s electrically connected to the gate electrode of
the light emitting drive transistor Td, a second electrode of
the first compensation transistor T1 1s electrically connected
to the second electrode of the light emitting drive transistor
Td, and a gate electrode of the first compensation transistor
T1 1s electrically connected to a scanning signal line G to
receive a scanmng signal Vg. A first electrode of the second
compensation transistor T4 1s electrically connected to the
gate electrode of the light emitting drive transistor Td, a
second electrode of the second compensation transistor 14 1s
clectrically connected to a constant current source VCCS,
and a gate electrode of the second compensation transistor
T4 1s electrically connected to the scanning signal line G to
receive the scanning signal Vg.

It should be noted that mn the embodiment illustrated 1n
FIG. 2A, the remaining circuits (e.g., the light emitting drive
circuit 11, the data writing circuit 12, the storage circuit 13,
the light emitting control circuit 14, etc.) may have the same
structure and connection manner as the corresponding cir-
cuits 1n the embodiment illustrated in FIG. 1A, and 1n the
embodiment illustrated in FIG. 2B, the remaining circuits
(e.g., the light emitting drive circuit 11, the data writing
circuit 12, the storage circuit 13, the light emitting control
circuit 14, etc.) may have the same structure and connection
manner as the corresponding circuits 1 the embodiment
illustrated 1n FIG. 1B, and will not be repeated here.

It should be noted that the light emitting drive circuit 11,
the data writing circuit 12, the storage circuit 13, the light
emitting control circuit 14 and the compensation circuit 15
are not limited to the structures described in the above
embodiments, and their specific structures may be deter-
mined according to actual application requirements, and the
embodiments of the present disclosure are not specifically
limited to this.

An embodiment of the present disclosure also provides a
driving method of a pixel circuit, which may be applied to
the pixel circuit described above.

FIG. 3 1s a schematic flow chart of a dnving method of a

pixel circuit according to an embodiment of the present
disclosure. As illustrated 1n FIG. 3, the driving method of the
pixel circuit includes the following steps.

Step S101: 1n a data writing stage, writing a data signal to
the storage circuit, and writing compensation voltage infor-
mation which 1s based on a compensation current signal to
the light emitting drive circuat.

Step S102: 1n a light emitting stage, driving the light
emitting element to emit light based on the compensation
voltage information.

For example, the light emitting drive circuit 11 includes a
light emitting drive transistor Td. In step S101, writing the
compensation voltage information which i1s based on the
compensation current signal to the light emitting drive
circuit mcludes: writing the compensation current signal to
the gate electrode of the light emitting drive transistor, and
controlling the light emitting drive transistor to be at a
saturated state, to write the compensation voltage informa-
tion to the gate electrode of the light emitting drive transis-
tor.
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For example, a timing chart of the pixel circuit may be
determined according to actual requirements, and the
embodiments of the present disclosure are not specifically
limited to this.

For example, in an example, FIG. 4 1s an exemplary
timing chart of a driving method of the pixel circuit 1llus-
trated 1n FIGS. 1A-2B. For example, FIGS. 5A and 5B are
schematic diagrams of the pixel circuit 1llustrated 1n FIG. 1A
at respective stages ol operation.

An operational flow of a dnving method of the pixel

circuit according to the embodiments of the present disclo-
sure 1s described 1n detail below with reference to FIGS. 1A,

4, SA and 5B.

It should be noted that 1n FIGS. SA and 3B, setting a cross
(x) at a transistor indicates that the transistor 1s at an
ofl-state, and setting no symbol at a transistor indicates that
the transistor 1s at an on-state. A solid line with an arrow
indicates a tlow direction of a signal or current.

For example, as illustrated in FIGS. 1A, 4, and 5A, 1n a
data writing stage tl, a light emitting control signal V.,
provided by the light emitting control line EM 1s a high level
signal, so that the first light emitting control transistor T3 1s
turned ofl. A scanning signal Vg provided by the scannming,
signal line G 1s a low level signal, so that the data writing
transistor 12, the first compensation transistor T1, and the
second compensation transistor T4 are all turned on. Thus,
the data signal V , _ charges the first terminal ot the storage
capacitor C via the data writing transistor 12, thereby a
voltage of the first terminal of the storage capacitor C 1s
vV, . At this time, the constant current source VCCS 1s 1n
communication with the gate electrode of the light emitting
drive transistor Td, so that a gate voltage of the light emitting
drive transistor Td 1s pulled down. Meanwhile, since the gate
clectrode of the light emitting drive transistor Td 1s 1n
communication with the second electrode (drain electrode at
this time), the light emitting drive transistor Td 1s at a
saturated state, that 1s, at an on-state, and the second terminal
of the storage capacitor C 1s also charged. According to a
saturation current formula of the light emitting drive tran-
sistor Td, a saturation current I, flowing through the light
emitting drive transistor Td may be represented as:

[ =YK (Vas—Vih)

Where K 15 a process constant of the light emitting drive
transistor Td, V_ 1s a voltage difterence (Vg-Vs) between
the gate electrode and the source electrode (i.e., the first
electrode) of the light emitting drive transistor Td, and V,
1s a threshold voltage of the light emitting drive transistor
Td.

For example, in the data writing stage tl1, the constant
current source VCCS 1s configured to output a compensation
current signal Iref and the compensation current signal Iref
flows through the light emitting drive transistor Td. The
compensation current signal Iref 1s the same as the saturation
current I, of the light emitting drive transistor, that is,
[,=Iref. A voltage Vs of the first electrode of the light
emitting drive transistor Td 1s equal to a power supply
voltage Vdd output from the first power supply terminal V1,
that 1s, Vs=Vdd.

Theretfore, according to the above formula of the satura-
tion current I,, a gate voltage Vg of the light emitting drive
transistor Td may be represented as:

+ Vih.

2lref
V, = Vdd -
K
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For example, as illustrated 1n FIG. 1A, since the second
terminal of the storage capacitor c 1s electrically connected
to the gate electrode of the light emitting drive transistor Td,
a voltage of the second terminal of the storage capacitor C
1s equal to the gate voltage Vg of the light emitting drive
transistor Td. At this time, a voltage diflerence AV between
the second terminal and the first terminal of the storage
capacitor C 1s Vg-V , _ .

For example, as illustrated in FIGS. 1A, 4, and 5B, 1n a
light emitting stage 12, a light emitting control signal V., ,
provided by the light emitting control line EM 1s a low level
signal, so that the first light emitting control transistor T3 1s
turned on. A scanning signal Vg provided by the scanning
signal line G 1s a high level signal, so that the data writing
transistor 12, the first compensation transistor 11, and the
second compensation transistor T4 are all turned off. Thus,
the power supply voltage Vdd output from the first power
supply terminal V1 1s written to the first terminal of the
storage capacitor C, that 1s, the voltage of the first terminal
of the storage capacitor C becomes Vdd at this time. Due to
the low of charge conservation and a charge retention
capability of the storage capacitor C, the voltage diflerence
AV between the first terminal and the second terminal of the
storage capacitor C remains unchanged, and the voltage of
the second terminal of the storage capacitor C (1.e., the gate
voltage Vg of the light emitting drive transistor Td) becomes

Vdd+AV, 1.e., becomes:

+ Vith

2ref
2Vdd — Vigie — %

From the above analysis, it can be seen that 1n the two
stages (the data writing stage and the light emitting stage),
a corresponding relationship between the voltages of the
gate electrode and the first electrode of the light emitting
drive transistor Td may be 1illustrated 1n TABLE 1 below.

TABLE 1

the first electrode of

Operational the gate electrode of the light the light emitting

stage emitting drive transistor Td drive transistor Td
t1 Vdd
2lref
Vdd — + Vih
K
t2 Vdd

2lref
2Vdd — V4., — z + Vih

For example, 1n the light emitting stage 12, a gate-source
voltage Vgs2 of the light emitting drive transistor Td 1s
represented as:

2lref + Vih

Veso =V, =V, =Vdd — Vg —\/

By controlling a magnitude of the compensation current
signal Iref, Vgs2 may be smaller than V,, that 1s, the light
emitting drive transistor Td 1s turned on. For example, the
compensation current signal Irefl 1s between a picoampere
(pA) level and a nanoampere (nA) level.

For example, referring to TABLE 1, 1n the light emitting
stage 12, based on the saturation current formula of the light
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emitting drive transistor Td, a light emitting current I, -,
flowing through the light emitting drive transistor Td may be
obtained and represented as:

|
lorEp = EK(VgSZ — Vih)

1 diref “
= =-K|Vdd - V,,,, — + Vih — Vih
2 K
\ /
f’ p
lK Vd — v 2Iref
— 5 — Ydata — K

\ /

As can be seen from the above formula, a light emitting
current [ ,, .., of the light emitting element EL 1s not attected
by the threshold voltage V., of the light emitting drive
transistor Td, but 1s only related to the data signal V , . and
the power supply voltage Vdd. The data signal V. 1s
directly transmitted by the data line D, and the power supply
voltage Vdd 1s directly transmitted by the first power supply
terminal V1, which are independent of the threshold voltage
V. of the light emitting drive transistor Td. Thus, the
problem of threshold voltage drift of the light emitting drive
transistor Td due to process procedures and long-term opera-
tions may be solved, the accuracy of the light emitting
current I, ., may be ensured, the influence of the threshold
voltage of the light emitting drive transistor Td on the light
emitting current I ,; -, may be eliminated, the normal opera-
tion of the light emitting element ELL may be ensured, the
uniformity of a display picture may be improved, and the
display effects may be improved.

For example, as illustrated 1in FIG. 4, 1n some embodi-
ments of the present disclosure, there 1s a delay between the
cllective light emitting control signal V ., . (low level signal)
and the effective scanning signal Vg (low level signal), for
example, the delay time may be At, thereby 1t 1s prevented
from that the transistors in the pixel circuit (e.g., the data
writing transistor 12, the first light emitting control transis-
tor T3, the first compensation transistor 11, and the second
compensation transistor T4) are turned on simultaneously,
causing signals to interfere with each other.

Some embodiments of the present disclosure also provide
a display panel. FIG. 6 1s a schematic block diagram of a
display panel according to an embodiment of the disclosure.

As 1llustrated 1n FIG. 6, the display panel 70 includes a
plurality of pixel units 110, which may be arranged 1n form
of an array. Each pixel unit 110 may include the pixel circuit
100 and the light emitting element EL. described in any
embodiments above. The pixel circuit 100 outputs a com-
pensation current signal which 1s based on a constant current
source to a light emitting drive circuit 1n a data writing stage,
thereby compensating a threshold voltage of a light emitting,
drive transistor, so that a light emitting current 1s not affected
by the threshold voltage of the light emitting drive transistor,
the problem that the brightness of respective pixels are
non-uniform caused by non-uniform threshold voltages of
the light-emitting drive transistor of the display panel may
be eliminated, and display uniformity and display eflects
may be improved. In addition, the pixel circuit has a simple
structure, and 1s easy to design and manufacture. The pixel
circuit has relatively few types of driving signals, and thus
the control of pixels can be simplified.

For example, the display panel 70 may be a rectangular
panel, a circular panel, an oval panel, a polygonal panel, or
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the like. In addition, the display panel 70 may be not only a
planar panel, but also a curved panel or even a spherical
panel.

For example, the display panel 70 may also have a touch
function, that 1s, the display panel 70 may be a touch display
panel, and a touch structure may be disposed 1n or on the
display structure (facing a display side of the display panel).

For example, as 1llustrated 1n FIG. 6, the display panel 70
turther includes a constant current source 120. The constant
current source 1s configured to output a compensation cur-
rent signal.

The embodiments of the present disclosure also provide a
display device. FIG. 7 1s a schematic block diagram of a
display device according to an embodiment of the present
disclosure. As 1llustrated 1n FIG. 7, a display device 80 may
include the display panel 70 described in any one embodi-
ment above, and the display panel 70 1s used for displaying
1mages.

For example, the display device 80 may further include a
gate driver 82. The gate driver 82 i1s configured to be
clectrically connected to a data writing circuit through a
scanning signal line for providing a scanning signal to the
data writing circuit.

For example, the display device 80 may further include a
data driver 84. The data driver 84 i1s configured to be
clectrically connected to the data writing circuit through a
data line for providing a data signal to the display panel 70.

For example, the display device 80 may be any product or
component having a display function, such as a mobile
phone, a tablet computer, a television, a display, a notebook
computer, a digital photo frame, a navigator.

It should be noted that other components of the display
device 80 (e.g., control device, image data encoding/decod-
ing device, clock circuit, etc.) should be understood by those
of ordinary skill 1n the art. This will not be repeated here, and
should not be taken as limitations to the present disclosure.

For the present disclosure, the following statements
should be noted:

(1) The accompanying drawings involve only the struc-
ture(s) 1n connection with the embodiment(s) of the present
disclosure, and other structure(s) can be referred to common
design(s).

(2) In case of no conflict, the embodiments of the present
disclosure and features in the embodiments may be com-
bined with each other to obtain new embodiments.

What are described above i1s related to the specific
embodiments of the disclosure only and not limitative to the
scope of the disclosure, and the scopes of the disclosure are
defined by the accompanying claims.

What 1s claimed 1s:

1. A pixel circuit, comprising: a light emitting drive
circuit, a storage circuit, a data writing circuit, a light
emitting control circuit and a compensation circuit,

wherein the data writing circuit 1s configured to write a

data signal into the storage circuit under a control of a
scanning signal;

the storage circuit 1s configured to store the data signal;

the compensation circuit 1s configured to write compen-

sation voltage information which 1s based on a com-
pensation current signal into the light emitting drive
circuit under a control of the scanning signal;

the light emitting control circuit 1s configured to control

the light emitting drive circuit to drive a light emaitting
clement to emit light under a control of a light emitting
control signal;

the light emitting drive circuit comprises a light emitting

drive transistor, and
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a first electrode of the light emitting drive transistor 1s
clectrically connected to a first power supply terminal,
a second electrode of the light emitting drive transistor
1s electrically connected to a first terminal of the light
emitting element, and a gate electrode of the light
emitting drive transistor 1s electrically connected to the
compensation circuit and the storage circuit, respec-
tively;

the compensation circuit comprises a first compensation

transistor and a second compensation transistor, and

a first electrode of the first compensation transistor 1s

directly connected to the gate electrode of the light
emitting drive transistor, a second electrode of the first
compensation transistor 1s directly connected to the
second electrode of the light emitting drive transistor,
and a gate electrode of the first compensation transistor
1s electrically connected to a scanning signal line to
receive the scanning signal; and

the first electrode of the second compensation transistor 1s

directly connected to the gate electrode of the light
emitting drive transistor, the second electrode of the
second compensation transistor i1s electrically con-
nected to a constant current source, and the gate elec-
trode of the second compensation transistor i1s electri-
cally connected to the scanning signal line to receive
the scanning signal;

the data writing circuit comprises a data writing transistor,

and

a first electrode of the data writing transistor 1s electrically

connected to a data line, a second electrode of the data
writing transistor 1s electrically connected to the stor-
age circuit, and a gate electrode of the data writing
transistor 1s electrically connected to the scanming
signal line to receive the scanning signal,

the storage circuit comprises a storage capacitor, the

storage capacitor 1s used for coupling the first power
supply terminal to the gate electrode of the light
emitting drive transistor in a light emitting stage, and

a first terminal of the storage capacitor i1s electrically

connected to the second electrode of the data writing
transistor, and a second terminal of the storage capaci-
tor 1s electrically connected to the gate electrode of the
light emitting drive transistor,

the light emitting control circuit comprises a first light

emitting control transistor, the first light emitting con-
trol transistor 1s used for conducting the storage capaci-
tor and the first power supply terminal in the light
emitting stage, and

a {irst electrode of the first light emitting control transistor

1s electrically connected to a third power supply ter-
minal, a second electrode of the first light emitting
control transistor 1s electrically connected to the first
terminal of the storage capacitor, and a gate electrode
of the first light emitting control transistor 1s electri-
cally connected to a light emitting control line to
receive the light emitting control signal, and

the data writing transistor, the first compensation transis-

tor, and the second compensation transistor are under a
control of a same scanning signal.

2. The pixel circuit according to claim 1, wherein the first
power supply terminal and the third power supply terminal
are configured to output a same power supply voltage;
alternatively, the first power supply terminal 1s integrated
with the third power supply terminal.

3. The pixel circuit according to claim 1, wherein the light
emitting control circuit further comprises a second light
emitting control transistor, and
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a first electrode of the second light emitting control
transistor 1s electrically connected to the second elec-
trode of the light emitting drive transistor, a second
clectrode of the second light emitting control transistor
1s electrically connected to the first terminal of the light
emitting element, and a gate electrode of the second
light emitting control transistor 1s electrically con-
nected to the light emitting control line to receive the
light emitting control signal.

4. The pixel circuit according to claim 1, wherein the
constant current source 1s configured to output the compen-
sation current signal, and

the light emitting drive transistor 1s at a saturated state 1n
a data wrting stage, and the compensation current
signal tlows through the light emitting drive transistor.

5. A driving method applied to the pixel circuit according,
to claim 1, comprising:

writing the data signal to the storage circuit, and writing
the compensation voltage information which 1s based
on the compensation current signal to the light emitting
drive circuit, in a data writing stage;

driving the light emitting element to emit light based on
the compensation voltage information, 1 a light emait-
ting stage.

6. The driving method according to claim 3, wherein the
light emitting drive circuit comprises a light emitting driving
transistor, and

writing the compensation voltage information which 1s
based on the compensation current signal to the light
emitting drive circuit comprises:

writing the compensation current signal to a gate elec-
trode of the light emitting drive transistor, and control-
ling the light emitting drive transistor to be at a satu-
rated state to write the compensation voltage
information to the gate electrode of the light emitting
drive transistor.

7. A display panel, comprising the pixel circuit according,

to claim 1.

8. The display panel according to claim 7, further com-
prising a constant current source, wherein the constant
current source 1s configured to output the compensation
current signal.

9. A display device, comprising the display panel accord-
ing to claim 7.

10. The pixel circuit according to claim 1, wherein the
data writing circuit comprises a data writing transistor, and

a first electrode of the data writing transistor 1s electrically
connected to a data line, a second electrode of the data
writing transistor 1s electrically connected to the stor-
age circult, and a gate electrode of the data writing
transistor 1s electrically connected to the scanming
signal line to receive the scanning signal.

11. The pixel circuit according to claim 10, wherein the

storage circuit comprises a storage capacitor, and

a first terminal of the storage capacitor 1s electrically
connected to the second electrode of the data writing
transistor, and a second terminal of the storage capaci-
tor 1s electrically connected to the gate electrode of the
light emitting drive transistor.

12. The pixel circuit according to claim 11, wherein the
light emitting control circuit comprises a first light emitting
control transistor, and

a first electrode of the first light emitting control transistor
1s electrically connected to a third power supply ter-
minal, a second electrode of the first light emitting
control transistor 1s electrically connected to the first
terminal of the storage capacitor, and a gate electrode
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of the first light emitting control transistor 1s electri-
cally connected to a light emitting control line to
receive the light emitting control signal.

13. The pixel circuit according to claim 12, wherein the
first power supply terminal and the third power supply
terminal are configured to output a same power supply
voltage; alternatively, the first power supply terminal 1s
integrated with the third power supply terminal.

14. The pixel circuit according to claim 12, wherein the
light emitting control circuit further comprises a second light
emitting control transistor, and

a first electrode of the second light emitting control

transistor 1s electrically connected to the second elec-
trode of the light emitting drive transistor, a second
clectrode of the second light emitting control transistor
1s electrically connected to the first terminal of the light
emitting element, and a gate electrode of the second
light emitting control transistor 1s electrically con-
nected to the light emitting control line to receive the
light emitting control signal.
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